We document by several methods that trading in Nasdaq stocks is localized, but find little evidence that cloudy weather in the city in which a company is based affects its returns. The first evidence of localized trading is that the time zone of a company's headquarters affects intraday trading patterns in its stock. Second, firms in blizzard-struck cities see a dramatic trading volume drop compared to firms in other cities. Third, the Yom Kippur holiday dampens trading volume in companies located in cities with high Jewish populations. Despite the strong evidence of localized trading, cloudy conditions near the firm's headquarters do not provide profitable trading opportunities. * We would like to thank Robert Battalio, Stephen Brown (the editor), Shane Corwin, Paul Zarowin, an anonymous referee, and seminar participants at the Universities of Alabama and Notre Dame for valuable comments and suggestions. 
I. Introduction
Psychologists have long known that sunlight, or rather a lack of sunlight, influences people's moods, thinking, and judgment. Researchers in finance have applied these findings in a search for behavioral influences on stock prices. For example, Hirshleifer and Shumway (2003) and Saunders (1993) find that stock returns are significantly lower on cloudy days than on sunny days. Their work appears to be the most direct evidence to date that stock prices are not rational reflections of value, but are instead influenced by investors' emotional states. 1 One limitation of this research is that it measures the mood of stock market participants by cloudiness in New York City (or in the cities with stock exchanges). In fact, orders come into the New York Stock Exchange (NYSE) from all over the country and from all over the world. If it is order-submitting investors who set prices at the margin, and if moods of investors are affected by sunlight, cloudiness in New York is not a good proxy for the mood of the market.
Our study takes a different approach. We examine the relationship of weather and stock returns taking the cloud cover in the city of a Nasdaq company's listing as a proxy for the weather affecting investors submitting orders in the stock. This is a different and we believe better way to examine the effects of weather-induced moods on stock prices. By examining cloud cover at the exchanges and its effects on returns, Saunders (1993) and Hirshleifer and Shumway (2003) test whether investment professionals' moods are affected by cloudiness. We test to see if investors in general are affected by weather.
As such, our paper contributes to the growing literature on the bias toward local trading. Coval and Moskowitz (1999, 2001 ), Grinblatt and Keloharju (2001) , Huberman (2001), and Zhu (2002) find that, all else equal, investors both hold and trade substantially more shares in local companies than in other firms. We expect this to be particularly true of Nasdaq firms, which tend to be smaller and to have started trading publicly more recently than NYSE-listed companies.
We present three pieces of evidence that a disproportionate amount of trading for Nasdaq stocks in our sample originates in the city where the company is based. First, we show that intraday patterns in trading vary according to the time zone of the company headquarters.
Trading in firms based in Alaska or Hawaii is far lower when it is morning in New York, and residents of those states are asleep, than later in the day. The dip in trading that corresponds to lunchtime on the East Coast is far more pronounced for firms with headquarters in the Eastern Time zone than on the West Coast.
Second, snowstorms in a city affect the trading volume of stocks based there. For most of the sample cities, blizzards are defined as at least eight inches of snow in a day. If snow is falling early in the day, investors may have to shovel snow, dig out cars, and take longer to get to and from work. These investors may simply not have time to trade stocks on that day. If snow falls at night, trading on the next day may also be affected. We find in cities experiencing blizzards that trading volume falls by more than 17% on the day of the storm and by almost 15 % the following day. Trading volume of stocks based in other cities is unaffected by the local blizzard conditions. Third, holidays affect trading volume of stocks in various cities differently. We look at trading volume on Yom Kippur, an important Jewish holiday when the stock market remains open. While we find that trading volume drops on Yom Kippur for stocks based in most cities, the effect is significantly stronger for companies based in cities with higher percentages of Jewish residents.
We use portfolios of stocks of firms based in 25 large U.S. cities to test for a relationship between weather and stock returns. There are several reasons why our methodology provides a particularly powerful test of the effect of weather on stock returns. First, correlations of cloudiness across U.S. cities are low, so we can use much more information than would be available only in New York weather. This is in the spirit of Hirshleifer and Shumway (2003) , but our use of U.S. stocks exclusively provides an important second advantage. We can examine the effects of cloud cover on returns after controlling for simultaneous market-wide moves.
Market returns explain a considerable proportion of the stock returns for individual city portfolios. It is an easier task to find the effects of local weather on average excess returns than to explain the raw returns of market indexes with weather conditions. Finally, our methodology is more likely to uncover the effects of weather on small investors. Tests using the weather in the city of the stock exchange, as in Hirshleifer and Shumway (2003) and Saunders (1993) , examine instead whether cloud cover affects the behavior of the market professionals at or near the exchange. Cohen, Gompers, and Vuolteenho (2001) suggest that individual investors are more likely to deviate from rational valuation of securities than are institutional investors. Despite the power of our tests, we find almost no relation between local cloud cover and stock returns, even after adjusting for market returns.
This paper contributes to three important areas of the finance literature: investor behavior, local bias, and market efficiency. This study shows that inconvenience of trading (lunch hour during the trading session) or earthly transaction costs (such as digging cars out of snow), which are typically not considered in theoretical asset pricing framework, may in fact have a meaningful impact on the capital market. Using an event-study approach, we confirm the existing findings that investors are more likely to trade nearby stocks. More importantly, the nature of the events used in this study (adverse weather conditions and a religious holiday) implies that factors other than information advantage (Coval and Moskowitz, 1999) , familiarity (Huberman, 2001) , or over-reaction (Zhu, 2002) , may be responsible for localized trading. Our finding that returns of local stocks are not related to local weather indicates that investor behavior may not be heavily influenced by local weather, as argued in Hirshleifer and Shumway (2003) . Our finding of limited impact of weather on stock returns is consistent with the recent work of Goetzmann and Zhu (2003) . Using data on trades of individual investors, Goetzmann and Zhu find no significant evidence that weather influences an individual's propensity to buy or sell stock.
The rest of the paper is organized as follows. In Section II we discuss previous studies of the weather, geographic holdings, and stock returns. Section III describes our data. Section IV reports our empirical results on localized firm trading volume. Section V reports the empirical results on weather and stock returns. The last section offers a summary and conclusions.
II. Background on Weather, Geographic Holdings, and Stock Returns
Numerous studies in psychology show that weather has a significant effect on human behavior and moods. Saunders (1993) was the first to study the effects of cloud cover on stock returns. He uses daily returns on the Dow Jones Industrial Average over , and daily returns on value and equal-weighted market indices over . As a proxy for weather conditions, Saunders uses the "percentage of cloud cover from sunrise to sunset" according to the New York weather station closest to Wall Street.
Saunders acknowledges that orders arrive on Wall Street from all over the country, and that the mood of those submitting orders may not be influenced by New York City weather. He observes, however, that "local trading agents" on the floor of the exchanges may affect prices, and thus New York City weather may be a proxy of sorts for the mood of market participants.
During both the 1927-1962 and 1962-1989 periods, Saunders finds that stock returns are lower on days of 100% cloud cover than on days when cloud cover is 20% or less. Similarly, positive index changes are more likely on days with cloud cover of 20% or less than on days with 100% cloud cover. Returns remain lower on cloudy days after adjusting for Monday and January effects. Interestingly, the relation between cloud cover and stock returns is only marginally significant before 1962, but is much more significant afterward. Trombley (1997) suggests that the relation between weather and stock returns is not as obvious as Saunders (1993) suggests. Trombley replicates Saunders' result that returns are lower on days that are 100% cloudy than on days that are 0 to 20% cloudy. He shows, however, that returns on 100% cloudy days are not significantly different from returns on days with 0% cloud cover or 0 to 10% cloud cover. Trombley claims that Saunders' comparison of 100% cloudy days with 0 to 20% cloudy days "is the only comparison during this period that would produce a statistically significant test statistic…." Hirshleifer and Shumway (2003) examine cloudiness and stock returns for 26 countries during 1982 to 1997. By examining the effects of weather in numerous locations rather than in a long time-series, they can see whether the influence of sunshine is pervasive, as the psychological literature predicts. Their multiple market focus also allows concentration on a more recent time period when markets are thought to be more efficient.
Using hourly data from the International Surface Weather Observations dataset, Hirshleifer and Shumway calculate average cloud cover each day for the city of each stock exchange. They deseasonalize the cloudiness data by subtracting average cloudiness for that city during that week of the year. A simple OLS regression of daily stock returns on the cloudiness index for each of the 26 cities produces negative coefficients on cloudiness in 18 cases. In addition, logit model results suggest that cloudiness is associated with a lower probability of positive returns for 25 of the 26 cities. These findings are consistent with the casual intuition that overcast weather is associated with downbeat moods and that moods affect stock prices.
Coefficients from the Hirshleifer and Shumway (2003) pooled regressions suggest that the difference in returns between completely overcast and completely sunny days is about nine basis points, which they claim to be sufficient to allow profitable trading assuming trading costs of less than five basis points per transaction. The authors' analysis of trading strategies, however, is based on some strong assumptions. They assume that traders execute index futures trades at previous closing prices. They also assume that trading costs under five basis points are obtainable for futures contracts on the stock exchange indices of Rio de Janeiro, Taipei, Istanbul, Buenos Aires, and others used to generate the pooled estimate of nine basis points. Goetzmann and Zhu (2003) find that while cloud cover does not affect the propensity of investors to buy or sell, it does seem to be associated with wider bid-ask spreads. They conjecture that mood swings by individual specialists may account for this observation. They find that when changes in spreads are incorporated in regressions of returns on weather, the weather effect is greatly reduced.
We contribute to the literature by testing whether local weather conditions affect returns of locally headquartered Nasdaq stocks. To document the importance of localized trading, we examine intraday trading patterns for stocks based in different time zones, the effects of blizzards on trading volume for companies based in the blizzard city, and how Yom Kippur affects trading volume for stocks from cities with differing Jewish populations. Our evidence is consistent with other findings that company shares are held disproportionately by investors who live nearby. For example, Huberman (2001) looks at holdings of the seven regional Bell operating companies (RBOCs). The RBOC that provides service in a state is held by more investors in the state than any of the other six RBOCs everywhere except Montana. On average, twice as many accounts hold the local RBOC as hold the next most popular RBOC. Grinblatt and Keloharju (2001) examine the stockholdings of Finnish investors. They find that investors who live in the same city as a company's headquarters are far more likely to own the stock or buy the stock than investors living elsewhere. This is true for both households and institutions, and holds after adjustment for culture and language. Coval and Moskowitz (1999) report that holdings of U.S. investment managers during 1995 consist of stocks that are 160 to 184 kilometers closer than the average company that a manager could hold. When investing in small and highly levered stocks, managers display an even stronger bias toward local companies. Using data from a large discount brokerage firm, Zhu (2002) A typical fund displays a modest but significant bias toward holding local companies. Some funds, however, strongly bias their holdings toward local securities. The authors show that mutual funds earn about 118 basis points more annually on their positions in local stocks than on more distant stocks. Conversely, local stocks shunned by local mutual funds underperform benchmarks by over 1% per year.
Our study differs from these previous papers in that we look at trading, not holdings. Our evidence, while consistent with earlier results on holdings, does not preclude the possibility that holdings are evenly distributed geographically but investors turn over holdings in local companies more rapidly than other holdings.
III. Data
We confine our attention to Nasdaq stocks because we believe their returns are particularly likely to be affected by local weather conditions. Nasdaq-listed companies tend to be smaller than NYSE companies. Coval and Moskowitz (1999) show that the local bias of fund managers is more severe for small capitalization stocks than large ones. Zhu (2002) finds the same result for individual investors. In addition to being smaller, Nasdaq companies are typically newer public companies than New York Stock Exchange listed stocks. If share ownership becomes more dispersed over time, a Nasdaq firm's shareholders will be more likely to be close to the company headquarters than shareholders of a more seasoned NYSE firm. Finally, even if NYSE and Nasdaq shareholders are equally concentrated geographically, most trading in NYSElisted stocks takes place at the NYSE, a location distant from the company itself. Many Nasdaq market makers who trade a company's stock, however, also are located near the company (Schultz, 2003) . Nasdaq provides us with the locations of headquarters of Nasdaq-listed companies for each year from 1984 through 1997. The data from 1984 through 1987 include only the state.
Data from 1988 on also include city and zip code. We use the zip codes from 1988 to assign cities to Nasdaq companies in earlier years. We include companies located in the city's metropolitan area and not just the city itself. Hence Microsoft, which is headquartered in suburban Redmond, is included in Seattle's stock portfolio. We then form portfolios of Nasdaq stocks for each of the 25 cities with the largest number of Nasdaq firms.
The University of Chicago's Center for Research in Security Prices (CRSP) provides the returns, trading volume, and price information for the sample. To minimize the impact of lowpriced stocks, we require the firm to have a stock price of at least $3 two days before entering the sample on any particular trading day. Firms remain in the sample for the entire period the company trades on Nasdaq. If a firm transfers from Nasdaq to another exchange, we calculate returns up until the last trading day before the firm begins trading on the new venue. For tests related to intraday trading volume, we also collect transaction data from the New York Stock Exchange's TAQ data set.
Our source for weather data is the International Surface Weather Observations dataset provided by the National Oceanic and Atmospheric Administration. This is the same source Hirshleifer and Shumway (2003) use. This information includes hourly observations of cloud cover for weather reporting stations. Sky conditions are defined as clear, scattered clouds, broken clouds, or overcast. 2 We calculate the average amount of time each day each condition is in effect using observations from 8 am through 4 pm New York time. Cloud cover is examined for these hours because we are concerned with cloud cover while the market is open for trading.
2 Our weather data is taken from reporting stations at U.S. airports. The data format description for the International Surface Weather Observations Data lists seven possible values for the airway and U.S. METAR sky cover variable: 0 is clear, 2 is scattered clouds, 7 is broken, 8 is overcast, 9 is obscured (not observable), 10 is partially obscured, and 99 is missing. Hirshleifer and Shumway (2003) use weather data primarily from foreign reporting stations. The total sky cover variable for these stations ranges from 0 (clear) to 8 (overcast).
In most cases, there is more than one reporting station near a city. To be consistent for all locations, we use cloud cover observations taken at the city=s major airport. Table 1 . First, cloud cover in New York is a poor proxy for the cloud cover experienced in the rest of the U.S. Except for nearby cities on the East Coast, New York generally has near-zero overcast correlations with the rest of the U.S. Second, the low correlations of cloudiness across cities suggests that using information on the weather in different cities should allow for much more powerful tests of the relation between cloud cover and stock returns than using New York weather only.
IV. Localized Trading
To illustrate the influence of localized trading, we present three separate inquiries. We apply a chi-square test to determine whether the allocation of trades across fiveminute intervals differs between East and West Coast stocks and between Alaska/Hawaii stocks and East Coast stocks. The differences are highly significant, an unsurprising result, given the large number of trades and the clear differences in patterns in the graphs. 4 All in all, differences in intraday trading patterns across the East Coast, West Coast, and Alaska/Hawaii suggest that Nasdaq stocks are disproportionately traded by local investors.
B. Impact of Blizzards on Local Trading Volume
As a second test, we examine firm trading volume around blizzards. The impact of a blizzard should be area-specific. That is, large snowfalls in St. Louis should affect the trading behavior of St. Louis residents, not traders located in Los Angeles. One might believe that large snowfalls will influence trading volume by making it harder for people to reach work or encouraging them to leave their jobs early, both of which will remove investors from their desks.
Similarly, if trading is motivated by calls from stockbrokers, and stockbrokers are having trouble reaching work, we would expect volume to decline. Thus, if stock ownership and trading are concentrated near a company's headquarters, we would expect to see a decline in trading volume for firms in cities experiencing a blizzard, while firms in non-blizzard cities should not see a trading volume decline on the same trading day. Our data only provides snowfall over a 24-hour period. In many cases, snowfall occurs late in a day. It is not surprising then, that the last column of Panel A reports that trading patterns continue to be impacted the day after the blizzard. While firms in non-blizzard locations see a slight increase in trading volume following a blizzard date, firms in the blizzard cities see an average trading volume decline of approximately 15%. In unreported results, the average trading volume for companies located in blizzard cities reverts to normal levels on day t+2.
Panel B of Table 2 reports results from a regression of daily trading volume as the dependent variable. The two independent variables are the firm-specific trading volume in the period prior to the blizzard date and a blizzard dummy variable. The blizzard dummy variable takes a value of 1 on a trading day if the firm is in a city experiencing a blizzard; otherwise it takes a value of 0. The reported t-statistics are calculated using White's (1980) heteroskedasticity-consistent method.
The coefficient of 1.05 on the mean trading volume during the prior period implies that volume is 5% higher for non-blizzard firms on the blizzard date. The blizzard dummy variable has a statistically significant value of -12,356 on the day of the event (row 1). This implies that, all else equal, firms in cities experiencing a blizzard would be expected to see trading volume drop by an average of more than 12,000 shares. Not surprisingly, trading volume is negatively affected in blizzard locations even the day after the event (row 2). Yet, the coefficient on average prior volume implies that firms in non-blizzard cities report only a 3% decline in trading volume on the subsequent day. Panel A of Table 3 shows average firm trading volume in the 25 U.S. cities around Yom Kippur. Column 3 reports that the average firm trading volume is 103,913 shares the day before
Yom Kippur compared to 99,518 shares in the prior period (days t-11 to t-2). Column 4 lists the average firm trading volume on Yom Kippur as 82,984 shares, a decline of almost 17% compared to the typical prior-period firm trading volume. This trading volume difference is highly significant (t-statistic less than -8.00).
Panel B of Table 3 provides a more direct test of the impact of localized trading around Yom Kippur. In the regression, firm trading volume on Yom Kippur is the dependent variable.
The first independent variable, firm trading volume in the prior period (days t-11 to t-2), controls In three separate empirical tests, we have shown that a large proportion of a stock's trades come from investors located near the company headquarters. These results give us confidence that the weather in the city where a company is located is a good proxy for the weather facing the investors who trade the stock.
V. Weather and Stock Returns
If investor pessimism brought on by overcast weather affects stock returns, we would expect to find a negative relation between local cloud cover and stock returns of local firms. The sixth column of Table 4 reports the mean daily return on a stock portfolio of locally headquartered Nasdaq firms. A total of 4,949 Nasdaq firms are in the sample universe for at least one trading day. The stock return portfolios are equally weighted. The average daily return on the 25-city stock portfolios is 0.071%. The last column of Table 4 reports the stock portfolio standard deviation.
A. Impact of New York Weather on Market Index Returns
Using a logit model that relates the probability of a positive daily stock return to cloudiness, Hirshleifer and Shumway (2003) find a statistically significant link between returns and cloudiness in New York City. We replicate part of their findings in Table 5 . In the logit regressions, the dependent variable is set to 1 if the stock market index return is greater than 0, and to 0 for all non-positive values. Here, and in the remainder of the paper, the variable "cloudy" or "cloudiness" is the percentage of time from 8 am to 4 pm that the sky is overcast.
The variable clear, is the percentage of time the sky is clear. Two different stock market indexes are used to gauge the linkage: a value-weighted (VW) and an equally weighted (EW) NYSE/Amex/Nasdaq CRSP Index.
The result of the logit regression in row 1 is consistent with the evidence provided by Hirshleifer and Shumway (2003) and Saunders (1993) . The regression reports a significant negative relationship between cloudiness in New York and the probability of a positive return for the VW index. When the dependent variable is the EW CRSP Index (row 2), however, no significant weather-return relationship is found. In row 3, we also report that clear (i.e., sunny)
weather days are associated with positive value-weighted market stock returns. That is, clear New York City weather has a positive influence on stock index returns.
B. Impact of Local Weather on Locally Headquartered Company Stock Returns
To examine whether local weather conditions affect returns on locally headquartered stocks, we create an equally weighted daily stock portfolio for each city in our sample using only Nasdaq-listed firms. As noted previously, we require the firms to have a stock price of at least $3 two days prior to entering the daily index on a particular trading day. This requirement should help reduce the influence of bid-ask spreads on the daily portfolio return series. Some firms drift in and out of our sample due to stock price fluctuations surrounding the $3 screen.
To be consistent with Hirshleifer and Shumway (2003), we report both OLS and logit model regressions. Columns 2-4 of Table 6 relate weather and city portfolio returns using an OLS regression framework, while columns 5-7 use a logit regression model. Overall, the results do not support the hypothesis that cloudy weather impacts stock returns. In the OLS regressions, 12 of the 25 slope coefficients on percentage of time overcast have a negative sign (column 3), but none are statistically significant at conventional levels.
In the logit regression results, the local cloudiness variable is the sole explanatory variable. The logit model relates the probability of a positive daily portfolio return on cloudiness for each U.S. city. The dependent variable takes the value of 1 if the portfolio return is positive; otherwise the variable is set to 0. Consistent with the OLS results, the logit model yields a negative coefficient on the cloudiness variable for 13 of the 25 cities, but none of the coefficients are significant. To summarize, we find no evidence that weather conditions in the city where a company is located affect its stock return, despite strong evidence that a disproportionate amount of the trading comes from investors who live in the same city.
So far, our analysis has slightly diverged from the Hirshleifer and Shumway methodology by not deseasonalizing the weather pattern. Hirshleifer and Shumway deseasonalize their data set by calculating the average cloudiness for each week by city and subtracting that week's mean cloudiness from each day's weather. The reasonable premise of this procedure is to adjust for any seasonal patterns in cloud cover.
There are two potential problems with this procedure, however. First, it is not clear that investors "seasonalize" weather observations in their heads. That is, it may not be true that investors say, "today is a sunny day in January if I account for yearly overcast trends." The weather today is either sunny or not sunny. Second, the weather deseasonalization procedure possibly introduces a look-ahead bias into the analysis. As of the first week in January of 1984, no person could perfectly forecast early January weather patterns for the future 13 years.
Not withstanding these caveats, we deseasonalized the weather data following the Hirshleifer and Shumway (2003) methodology. As in Hirshleifer and Shumway, the results remain the same, whether or not we do this. Since deseasonalizing the weather series does not affect the interpretations of the results, we do not report the deseasonalized patterns henceforth.
To show the combined impact of local and New York City weather patterns on stock returns, we report in Table 7 the OLS regression results using the daily city portfolio returns as the dependent variable and local and NYC cloudiness as the right-hand side variables. For the New York location, the regression is not reported since the two independent variables are the same. None of the 24 city regressions result in a statistically significant negative coefficient.
The fifth and sixth columns of Our tests of the effects of cloud cover on stock returns have so far been similar to those of Hirshleifer and Shumway (2003) and Saunders (1993) . Use of portfolios of stocks that trade on the same market but have different weather patterns, however, permits more powerful tests. We exploit our sample characteristics by regressing returns of portfolios of stocks headquartered in a city on the cloud cover in that city and the equal-weighted CRSP index return for the same day.
In these regressions, we are testing whether a city's cloud cover is related to the average excess returns of stocks in the city.
Results are reported in Even after eliminating the noise in the returns from market-wide economic factors, we have trouble detecting an effect of cloud cover on stock returns. Coefficients on cloudiness, measured as the percentage of the day the sky was overcast, are negative for 15 of the 25 sample cities and positive for the other ten. This is hardly convincing evidence of a relationship between cloud cover and weather. If the coefficients are independent across the 25 regressions, and positive and negative coefficients are equally likely, there is a 21.2% chance of observing 15 or more negative coefficients. Also, only three of the 15 negative coefficients are significantly different from zero at the five percent level. The average of the coefficients on cloudiness is -0.006, indicating that the difference in returns between days when the sky is never completely overcast and days when the sky is completely overcast all the time is less than one basis point, or one cent on a $100 stock.
The last table creates four weather-stock portfolios on the basis of both local and New York City weather conditions for our sample of 4,949 Nasdaq-listed firms. In Panel A of Table   9 , all firms in locations with clear skies for the entire trading day are pooled into the second column. Thus, Nasdaq-listed firms in Chicago, Hartford, Phoenix, and Tampa would be pooled into a single stock portfolio if those cities all experienced totally clear weather on the same trading day (column 2). Firms in locations with scattered clouds the entire day are pooled into the third column, and so on. In columns 6-9, stock portfolios are created on the basis of New York City weather conditions. There are numerous trading days when none of the 25 cities experienced a particular weather pattern. But, out of 3,540 possible trading days during the time period, on 2,777 trading days at least one city in the U.S. had clear skies for the entire day.
For both the local and New York City weather categorizations, no strong patterns emerge. Surprisingly, the weather portfolio with the highest average stock return is perfectly overcast (0.073%), compared to an average return of 0.063% when local skies are clear all day.
Scattered and broken clouds had average returns of 0.046% and 0.054%, respectively. When New York City is overcast the entire day, stock returns averaged of 0.028%, as compared to 0.015% for days when New York was totally clear.
We can again take advantage of using stocks that trade in the same market to design a more powerful test of the relation between weather and returns. Panel B of Table 9 reports average stock returns for cities that are overcast all day and cities that are clear all day on the same day. 9 For the 2,530 trading days with firms in each category, the returns are 0.061% and 0.070% for the totally clear and cloudy weather conditions. The last column of Panel B reports that the return difference of less than one basis point (0.009%) between the two portfolios is not significant.
VI. Conclusions
Numerous studies in psychology have established that people's moods and judgments are affected by exposure to sunlight. Research in finance has exploited this finding to test whether exogenous determinants of individuals' moods can affect stock prices. Saunders (1993) finds that cloudiness in New York City is associated with lower returns on U.S. stocks. Hirshleifer and Shumway (2003) use cloud cover in cities with stock exchanges around the world to predict returns on the exchanges. They also find evidence that stock returns are lower on cloudy days.
A limitation of both of these studies is that the weather at the stock exchange is often not the same as the weather experienced by investors who are submitting orders to the exchanges.
Orders arrive at the New York Stock Exchange from all over the U.S. and all over the world.
New York City weather is therefore a poor proxy for the cloud cover and mood of investors submitting orders. Similarly, cloud cover in cities with stock exchanges is unlikely to be the same as the cloudiness facing investors submitting orders to those exchanges. In some cases, like Brussels or Copenhagen, the weather in the stock exchange city is likely to reflect the weather facing all investors in the country. In other cases, like Rio de Janeiro or Sydney, the cloud cover in the stock exchange city is unlikely to reflect the cloud cover over the entire country. In all cases, orders arrive at the exchanges from the U.S. and elsewhere.
To get an alternative measure of the weather investors are experiencing, we use the findings of Coval and Moskowitz (1999, 2001 ), Grinblatt and Keloharju (2001) The strong local component in trading of Nasdaq provides a compelling case for using weather near a company's headquarters to test for effects of cloudiness on returns. There are several advantages to these tests. First, using weather near a company's headquarters allows many more observations of weather conditions and stock returns than if we had restricted our attention to weather in New York. Second, while a justification for using New York weather is that many institutions trade from there, it seems implausible to us that the trading of these sophisticated investors is particularly likely to be affected by cloudiness. Our focus on cloudiness near company headquarters allows us to see if moods of the less sophisticated individual investors who trade a stock affect returns. Finally, and most important, by using stocks that trade in the same market but face different weather conditions, we can look for influences of weather on stock returns after eliminating the noise from the economic factors that affect returns market-wide.
Despite these advantages, we are unable to find any evidence of a relation between cloud cover near a company headquarters and its stock's return. Like Hirshleifer and Shumway (2003) and Saunders (1993) , however, we do find weak evidence that returns of our stocks are lower on days it is cloudy in New York City. Is this because of trading by institutions that are based in New York? We find this hard to believe. We are examining equal-weighted portfolios of Nasdaq stocks, and many of these securities are too small to attract institutional interest. It is also doubtful that professional investors are more prone to biases in judgment brought on by cloudiness than the small investors located near a company. It is also possible, as Goetzmann and Zhu (2003) suggest, that specialist's moods are affected by weather, leading to wider spreads and larger returns. We would, however, not dismiss the possibility that the relationship between cloud cover in New York and stock returns is spurious.
An unambiguous result of our analysis is that U.S. weather effects are too slight to provide opportunities for profitable trading of Nasdaq stocks. The average coefficient on New York City cloudiness in Table 7 is -0.038. This means that a $100 Nasdaq stock can be expected to rise in price by 3.8 cents more on totally sunny days than on days that are completely overcast.
The effects of local cloudiness are even smaller. Trading costs would swamp any profits to be found in implementing a weather-based trading strategy. The time period is limited to the 48 days in which a blizzard occurred on a trading day for the 25 U.S. cities examined during 1984-1997. A blizzard is defined as eight or more inches of snow within a 24-hour period for most of the sample. Atlanta, Portland, and Seattle use a five inch screen for the definition of a blizzard. Trading volume is obtained from CRSP. The sample is composed of Nasdaq-listed firms headquartered in the metropolitan areas of the 25 U.S. cities. The t-statistics (in parentheses) are calculated using White's (1980) heteroskedasticity-consistent method. -7,446 -16,082 -8,104 54,114 -15,131 -26,267 -21,627 -23,568 -6,535 6,790 -11,563 -14,932 -27,358 -4,529 -13,101 -23,147 -44,850 -1,862 -9,863 -702 -88,698 -27,528 -26,109 -3,920 -26,630 -16,534 The time period is limited to the nine times Yom Kippur occurs on a trading day during 1984-1997. Trading volume is obtained from CRSP. The sample is Nasdaq-listed firms headquartered in the 25 U.S. metropolitan areas with the largest number of Nasdaq firms. The five U.S. cities with the highest Jewish population percentage in the metropolitan area are Boston, Los Angeles, Miami, New York City, and Philadelphia. In Panel B, the dependent variable is firm trading volume on the day prior to and the day of Yom Kippur. The t-statistics (in parentheses) are calculated using White's (1980) heteroskedasticity-consistent method. The sample is Nasdaq-listed firms headquartered in the 25 U.S. metropolitan areas with the largest number of Nasdaq firms. Weather data are from the International Surface Weather Observations. Columns 2-4 report OLS regression results; columns 5-7 use a logit regression model. The OLS t-statistics are calculated using White's (1980) heteroskedasticity-consistent method. The logit model relates the probability of a positive daily portfolio return to the cloudiness of the weather of each U.S. city. The dependent variable takes the value of 1 if the portfolio return is positive, and 0 otherwise. Cloudiness is defined as the percentage of the trading day with overcast skies. The number of observations in each regression varies between 3,448 and 3,529 due to missing city weather data. The sample is Nasdaq-listed firms headquartered in the 25 U.S. metropolitan areas with the largest number of Nasdaq firms. Weather data are from the International Surface Weather Observations. Cloudiness is defined as the percentage of the trading day with overcast skies. The t-statistics are calculated using White's (1980) heteroskedasticity-consistent method. The number of observations in each regression varies between 3,448 and 3,529 due to missing city weather data. The sample is Nasdaq-listed firms headquartered in the 25 U.S. metropolitan areas with the largest number of Nasdaq firms. Weather data are from the International Surface Weather Observations. The CRSP equally weighted index (EW) includes firms listed on the NYSE, Amex, and Nasdaq. Cloudiness is defined as the percentage of the trading day with overcast skies. The t-statistics are calculated using White's (1980) heteroskedasticity-consistent method. The number of observations in each regression varies between 3,448 and 3,529 due to missing city weather data. The sample is Nasdaq-listed firms headquartered in the 25 U.S. metropolitan areas with the largest number of Nasdaq firms. Weather data are from the International Surface Weather Observations. Four weather portfolios across the 25 cities are created on the basis of local and New York City weather. In column 2, the totally clear local weather portfolio is created by equally weighting all firms in the Nasdaq sample in cities with clear skies all day on a given trading day. In columns 6 to 9 of Panel A, stock portfolios for the Nasdaq sample are created on the basis of New York City weather. Panel B restricts the sample to only trading days when some cities were clear all day and others were overcast all day. 
